-Capillary zone electrophoresis provides a rapid method for the analysis of minute amounts of amino acids.
The amino acid sequence of a protein is of fundamental value in the study of the structure and function of the molecule. The Edman degradation procedure is commonly employed to determine the amino acid sequence of proteins [1, 2] . In this procedure, phenyl isothiocyanate reacts with the amine group on the terminal amino acid of the protein under basic conditions to produce a thiocarbamyl protein derivative. Under acidic conditions, the phenyl thiocarbamyl (PTC ) cyclizes with the carboxylic acid group to cleave the terminal amino acid from the protein and to produce a thiohydantoin amino acid derivative. The phenyl thiohydantoin (PTH) derivative is collected and the degradation is repeated to cleave the next amino acid from the protein.
Liquid chromatography, with ultraviolet absorbance detection, is usually used to identify the cleaved amino acid. Absorbance detection limits of 200 femtomole are produced for PTH-amino acids in liquid chromatography [2] . A number of alternative Edman degradation reagents, such as dimethylaminoazobenzene isothiochyanate and fluorescein isothiocyanate have been developed.
Although the reagents can be detected with exquisit sensitivity [3] , there has been very little application of the modified reagents. It appears that limited reaction efficiency during the formation of the thiocarbamyl has discouraged application of the modified Edman reagents.
Capillary electrophoresis is a useful technique for the rapid and efficient separation of minute amounts of analyte [3] . Zone electrophoresis has been used to determine phenylthiocarbamyl (PTC) amino acids; ultraviolet absorbance produces detection limits of -0.2 picomoles of PTC amino acids [4] . However, zone electrophoresis does not separate the neutral PTH-amino acids. Otsuka, Terabe, and Ando reported the use of micellar capillary electrophoresis for the separation of PTH-amino acids [5] . Surfactant, such as sodium dodecyl sulfate, is added to the separation buffer; distribution of the PTH-amino acids between the micelles and aqueous separation buffer leads to separation.
Unfortunately, no data was provided on PTH-amino acid detection limit, but it is expected to be similar to that for the PTC-amino acids. Because of the short optical path length across the capillary, conventional absorbance detection leads to limited sensitivity.
EXPERTIENTAL Reagents
PTH-amino acids were purchased from Sigma. Stock solutions of 10-2 M concentration were prepared by dissolving each amino acid in a 50% acetonitrile and 50% pH 7.5 mM phosphate/borate buffer. Mixtures of amino acids were prepared by pipeting 10 µL aliquots into 1.5 mL of 12.5 mM pH 7.0 borate/phosphate buffer that contained 35-mM sodium dodecyl sulfate. Serial dilutions were made in the boratelphosphade buffer.
The separation proceeded in a 12.5 mM pH 7.0 borate/phosphate buffer that contained 35-mM sodium dodecyl sulfate.
Apparatus
The capillary was illuminated with a 5-mW average power, 10 jiJ pulse energy KrF excimer laser (Potomac Photonics Model GX-500) operating at ? = 248 nm, 610 Hz pulse repetition rate, and 50-ns pulse width. The excimer laser beam was focused with a 15-mm focal length quartz biconvex lens at right angles to a 50-µm inner diameter, 190-µm outer diameter fused silica capillary; the polyimide coating of the capillary was burnt from the detection region by use of a gentle flame. A low power helium neon laser (X = 632.8 nm) beam was focused at right angles to both the capillary and the excimer laser beam with a 7x microscope objective. The probe beam intensity change was detected 30 centimeters after the capillary with a 1-mm2 silicon photodiode. The photodiode output was conditioned with a current-to-voltage converter (1 MSS feedback resistor in parallel with a 47 pF capacitor) and sent to a two-phase lock-in amplifier (lthaco. Model 3961), phase referenced to the excimer laser pulse repetition rate.
An 80386 PC collected data from the lock-in amplifier over the IEEE-488 bus.
A 39 centimeter long polyimide coated-fused silica capillary was used for this separation; the distance from the injector to the detector was 34 cm. Electrokinetic injection of 5 seconds at 500 V was used. fields; presumably, Joule heating leads to degassing of the buffer at modest electric fields, which produces the bubbles that were observed. We have achieved base-line separation of these analytes in 40 minutes by use of 15 kV separation potential in a 75-cm long capillary.
RESULTS AND DISCUSSION
Detection limit is the amount of analyte that generates a signal three times larger than the uncertainty of the base line signal. Data in figure 2 were recorded at 0.3 second intervals from a lock-in amplifier that operated with 0.3 second time constant. Peaks are Gaussian in shape with a typical full-width at half height of 2.5 seconds. Optimal processing of the data was achieved by convoluting the data with a Gaussian filter function that is similar in shape to the peaks. It is not appropriate to use the standard deviation in the background signal as an estimate of noise; the filter function ensures that the data are correlated. Instead, detection limits are estimated by the maximum deviation from the mean base line signal, measured over a time period given by 50 times the peak width [7] . Detection limits for the 20 PTH-amino acids, Table I , range from 0.2 fmol for tryptophan and lysine to 5 fmol for threonine, injected onto the capillary. Poor sensitivity for threonine is due to decomposition of the PTH derivative; improved chemistry will bring the detection limit of all the PTH-amino acids to the subfemtomole range.
These detection limits are two to three orders of magnitude superior to those produced by liquid chromatography for PTH-amino acid determination [2] .
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